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SPECIFICATION 

1 . Title of the Invention 



THm FILM FORMING DEVICE BY MICROWAVE PLASMA 



2. Claims 

1. A microwave plasma thin film forming device wherein there is 
impressed a magnetic field from [illegible] of a plasma generation 
chamber, and there is formed a plasma of an electron cyclotron 
resonant excitation by introducing a microwave through a window of 
a dielectric of a plasma generating chamber so as to form a thin film 
on a substrate which is placed on its front surface, and there is a site 
in the vicinity of the dielectric which generates the electron cyclotron 
resonance by controlling the strength of the previously mentioned 
external magnetic field, and there is generated an oxide or nitride 
plasma so that a thin film is made on the dielectric from the oxidation 
or nitriding of the film that has been deposited on the window of the 
dielectric. 
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3. Detailed Explanation of the Invention 

This invention is related to a microwave plasma thin film forming device 
which uses plasma according to an electron cyclotron resonant excitation. 

[Prior Art] 

With the leading technology which is related to microwave plasma thin film 
formation by electron cyclotron resonant excitation, for example, as disclosed 
in Japanese Patent S59-219461, there is film formation that is at low 
temperatures, at high speed, and with high quality, and especially, is 
beneficial in the formation of amorphous silicon films. 
However, with this technology, with the adherence of the film to the 
microwave introduction window, when the film is a dielectric, there is 
introduction of microwaves, and furthermore there is the difficulty of stable 
formation for the plasma. 

[Problems that the Invention is to Solve] 

For the previously described technology, with the deposit of dielectric such as 
a silicon film of low resistivity or a metal film such as aluminum or tungsten, 
there is adhering of the film to the microwave introduction window of the 



5 



plasma generating chamber, and there is a problem in that the microwave 
can not be introduced. 

The goal of this invention is to exchange the deposited film which adheres 
and deposits on the microwave introduction window for a dielectric whose 
thickness is thin, so that there is no reduction in the effectiveness of the 
microwave and the plasma can be generated. 



[Means of Solving the Problems] 



The previously described goal is achieved by oxidation or nitriding using a . 
plasma oxide or plasma nitride of a dielectric that has adhered to a 
microwave introduction window by making mechanically possible the 
introduction of a microwave by exchanging with a dielectric. 



[Use] 



It is possible to oxidize or nitride a dielectric such as aluminum which has 
been deposited on a microwave introduction window of a plasma generating 
chamber by generating an oxide or nitride plasma in the plasma generating 
chamber. When this plasma is generated, the strength of a magnetic field is 
adjusted in the vicinity of the microwave introduction window by electron 
cyclotron resonance, and in addition, the substrate prevents oxidation or 
nitriding of the thin substrate reverse surface layer using a shutter. From 
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this, it is possible to oxidize or nitride the dielectric that has been deposited 
on the microwave introduction window. Next, in addition, it becomes possible 
to rapidly deposit a dielectric by repeating this oxidation or nitriding. 

[Embodiments] 

There is a detailed explanation of one embodiment of this invention using the 
drawings. Figure 1 is a schematic diagram of the microwave plasma thin film 
formation device according to this invention. The device, roughly, is formed 
from a plasma generating chamber 10, a reaction chamber 20, a gas supply 
system 30, and an exhaust system 40. A microwave (2.54 GHz) conducting 
wave guide 12, for the plasma generating chamber 10, is connected by means 
of a microwave introduction window 11 of quartz manufacture using 
stainless steel. On the [illegible] there is placed a magnetic field coil 13 and an 
auxiliary magnetic field coil 14 for electron cyclotron resonance. The gas 
conducting pipe 15 for plasma generation is connected and can supply a 
specified flow of gas. The reaction chamber 20 is placed so as to connect with 
the opening part of the plasma generating chamber 10 using stainless steel, 
and a film forming substrate (silicon substrate) 22 is placed on a susceptor 21. 
A heat source is attached to the susceptor 21, and it is possible to establish at 
a specified temperature a film formation substrate. On the top part of the 
film forming substrate 22, a shutter 23 is placed for blocking the plasma gas. 
It is possible to supply the reaction gas at a specified amount from the 
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reaction gas introduction pipe 24. The exhaust system 40 connects to the 
turbo electron pump through the exhaust pipe 41 and the valve from the 
reaction chamber 20. 

Embodiment 1 Here is an explanation of the deposit of an aluminum film. 
There is supplied argon as a gas for use with the plasma and aluminum 
trichloride as a reaction gas. The pressure is ImTorr. The film formation 
substrate is a silicon wafer which has a pattern of silicon oxide on the surface, 
and is heated to 200 on top of a susceptor. There is realized a microwave 
of 2.4SGHz, IKW with a maximum flux density 1400 Gauss by conducting 
16A current in a magnetic field coil for use with an electron cyclotron 
resonator and in the vicinity of the connection of the plasma generating 
chamber and the reaction chamber a resonance point of 875 Gauss is reached. 
From this result, it is possible to form an aluminum film at a deposit rate of 
3000 A/min on the substrate. After deposit of the aluminum CVD, there is 
deposit of an aluminum film on the microwave introduction window of the 
plasma generating chamber by the reaction gas depositing also on the plasma 
generating chamber. The deposition rate of the aluminum film on the 
microwave introduction window is 4-6% of that on the substrate. However, 
if the aluminum film of the microwave introduction window becomes thick, 
the absorption rate of the microwave' s electromotive force is reduced. The 
absorption rate of the microwave' s electromotive force is affected by the 
microwave incident electromotive force, the impressed current of the 
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magnetic coil, the pressure, etc., and the deposit of the dielectric on the 
microwave introduction window is extensive and reduces the efficiency. 
Because of this, it is necessary to clean the microwave introduction window. 
At the time that there is deposit of an aluminum film of approximately 200 A 
on the microwave introduction window, by oxidizing or nitriding the 
deposited aluminum film and by making a dielectric, it is possible to clean. 
Oxidizing or nitriding the aluminum on the microwave introduction window 
is made in the following way. By conducting a lOA current through the 
magnetic field current, and by adjusting the current value of the magnetic 
coil, a point of electron cyclotron resonance for the magnetic flux is made 
near the vicinity of microwave incident window. There is a supply of oxygen 
gas as a plasma gas, and there is generation of oxidized plasma. By 
generating plasma for 2 minutes, it is possible to change the aluminum film 
that was deposited on top of the introduction window to alumina. In addition, 
it is possible to change to oxidized aluminum film aluminum with a plasma 
gas of nitrogen or ammonia. 

Embodiment 2 Here there is an explanation of the deposit of a tungsten film. 
Using tungsten hexafluoride (WF6) as a mixing gas or reaction gas of 
hydrogen with argon or as a plasma gas, there is deposited a tungsten film on 
top of a silicon substrate. At this time, there is deposit of tungsten film on the 
microwave introduction window in the same way as there was deposit with 
the aluminum film, and cleaning is necessary. There is introduction of 
oxygen gas as a plasma gas, causing oxidation of the tungsten film which had 
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been deposited on the microwave introduction window by the oxidized 
plasma. Also at this time, there is prevention of oxidation of the tungsten film 
on the substrate through the use of the shutter for the substrate surface. The 
result is that the tungsten film of the introduction window becomes an 
oxidized material with a high vapor pressure and vaporizes thus making 
possible cleaning of the microwave introduction window. 
Embodiment 3 Here there is an explanation of a deposit of a multicrystal 
silicon film. 

Using helium as a plasma gas, mono silane (50% siH4) helium dilution as a 
reaction gas, phosphine (1% PH3), and diborane (1%B2H6), there is formed a 
multicrystal film on a glass substrate. There is deposition of P-type, i-type, 
and n-type multicrystal tungsten films at a pressure of 0.3- 30m Torr and 
substrate temperature of 530 ^C. There is deposit of an amorphous silicon 
film on the microwave introduction window, and there is oxidation by 
oxygen plasma, and it is possible to change to quartz (Si02) which is identical 
to the window material. 

[Effect of the Invention] 

According to this invention, it is possible to form a dielectric which has 
deposited at a microwave introduction window of a plasma generating 
chamber and to clean using a simple operation. Because of this, there is the 
possibility of realizing by successive CVDs of a dielectric. 
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Brief Explanation of the Drawings 

Figure 1 is a schematic diagram of one embodiment of a microwave thin film 
formation device according to this invention. 

10- plasma generating chamber, 11- microwave introduction window, 13- 
magnetic coil, 14- auxiliary magnetic field coil, IS- has introduction pipe used 
for plasma generation, 20- reaction chamber, 22- film formation substrate, 
and 23- shutter 

Representative Patent Attorney Katsuo Ogawa 
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Figure 1 




10- plasma generating chamber, 11- microwave introduction window, 13- 
magnetic coil, 14- auxiliary magnetic field coil, IS- has introduction pipe used 
for plasma generation, 20- reaction chamber, 22- film formation substrate, 
and 23- shutter 
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ABSTRACT: 

PURPOSE: To perform cleaning of the titled device without dismantling it and 
to enhance efficiency thereof by controlling a magnetic field to be impressed 
and generating electron cyclotron resonance in the vicinity of a window made of 
*^ dielectric material and converting a film deposited on the window into the 
dielectric material. 

CONSTITUTION: Magnetic fields are impressed to a plasma formation chamber 10 
from coils 13. 14 and microwave is introduced through a window 1 1 made of a 
dielectric material and plasma of electron cyclotron resonant excitation is 
generated. A thin film Is formed on a base plate 22 set before this plasma. 
Then the above-mentioned magnetic fields are controlled and the position 
generating electron cyclotron resonance is shifted to the vicinity of the 
window 1 1 . The film stuck on the window 1 1 is oxidized or nitrided and thereby 
converted into the dielectric material. By the above device, the film stuck on 
the window 1 1 is converted into the dielectric material while it is thin and 
*the efficiency of microwave is prevented from being lowered. 
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